Abstract_ In this paper, the outdoor polymer insulator was studied and the related electrical and mechanical conditions were reviewed .Moreover, different outdoor insulators were technically compared together. Furthermore, voltage distribution along a real polymer 33kV insulator was studied and the results were discussed accordingly. On the other hand, the voltage and electric field profiles at longitudinal and cross sections under different voltage levels were considered and discussed.
INTRODUCTION
Nowadays, Insulators play an important role in the power systems whereas they can be used in different shapes and various technical conditions based on the related application. Insulators can be classified into two main parts i.e. Indoor and outdoor insulators where the indoor insulator are usually used in the substations and also in switchgear, transformer, bus ducts, connectors. On the other hand, the outdoor insulators are usually used in transmission and distribution lines to isolate line conductor form tower and electrical equipments whereas it should be withstand versus different electric, mechanical and weather conditions. This study focuses on the outdoor insulators whereas the traditional outdoor insulators were built from electrical porcelain and electrical glass materials whereas the porcelain materials have clay, feldspar and quartz and for the glass materials contains silica, soda ash, dolomite, limestone, feldspar and sodium sulphate [1] .The outdoor insulators can be categorized into two main groups i.e. ceramic and non-ceramic insulators where the non-ceramic insulators are usually known as polymer or composite insulators. The ceramic insulators showed very good performance for withstanding without being degraded and the capability for high-temperature operations in past years due to the strong electrostatic bonds between the different atoms layers in this kind of materials. In this kind of insulator, the surface energy is very high due to adhesive strength of material with respect to water. Therefore, they can absorb easily wet on the air. Thus, the ceramic insulators were designed with complicated structure to minimize the surface contact with water whereas it is one of disadvantages of this kind of insulators and by broking of a part of insulator or crashing of insulator the surface energy profile will be changed and the performance of insulator will be reduced [2] [3] [4] [5] . On the other hand, the polymer insulators have been used in the power system in recent years whereas they are lighter than ceramic insulators and they can provide the easier maintenance conditions compare to ceramic ones. Also, the electrical and mechanical conditions of polymer performances are higher than ceramic one and they showed good performance for degradation and withstanding in different weather conditions. In this study, the polymer insulators were studied and the voltage and electric field distribution at different sections of a 33kV insulator are considered.
II. POLYMER INSULATORS
The outdoor polymer insulators normally can be divided into three parts i.e. fibreglass core, end attachment hardware (end fittings) connected to the core and protective housing with weather sheds. The core part provides the mechanical strength of insulator whereas it is usually fibreglass reinforced plastic (FRP) rod [6] . Moreover, different fibreglasses can be used in the core i.e. Boron free electrically corrosion resistant (ECR) or Boron free E-Glass [7whereas they have a number of advantages i.e. high electrical integrity and High resistance versus acid corrosion. Likewise, the metal end fitting is directly connected to core part with appropriate isolation at connection part versus moisture whereas it is usually connected to core with the swaged or crimped fitting methods to increase reliability of insulator. Moreover, the metal end fitting is usually made from forged, machined aluminium, malleable iron and forged steel based on the application [7] .Noted that the dimensional of end fitting part can be obtained from IEC: 60120/ IS: 2486 [7] [8] .Furthermore, weather sheds are set on the core part. In the polymer weather sheds the water drops are usually located separately on the body of insulator. Therefore, in existing of pollution on the air, the chance of leakage current will be reduced compared to ceramic insulators however due to strong connection between atoms in the ceramic insulators, degrading in ceramic insulators have slower trend compared to polymer ones [9] .The widely used weather sheds can be classified into two main groups i.e. ethylene-propylene rubber (EPR) and silicone rubber (SiR) whereas the widely used materials from EPR groups can be presented as follows [10] ; i. Co-polymer of ethylene-propylene and silicone (ESP) ii.
Ethylene-propylene monomer (EPM) iii.
Poly Tetra Fluoro Ethylene (PTFE) iv.
Cross-linked polyethylene (XLPE) v.
Ethylene-propylene diene monomer (EPDM)
Moreover, the widely used materials in the SiR groups are listed as follows [10] ; i. Room temperature vulcanized (RTV) rubber ii.
Liquid silicone rubber (LSR) iii.
High temperature vulcanized (HTV) rubber
It should be mentioned that SiR group were mostly used compared to other group due to its characteristic hydrophobicity and good performance in contaminated weather condition. In this study, the 33kV HTV SiR will be considered whereas this kind of insulator has an appropriate performance compared to EPDM and PTFE as listed in Table. 1 [11] [12] [13] . One of important parameters in the insulators is the hydrophobicity properties whereas in the SiR insulators, there is low molecular weight (LMW) fluid and LMW molecules do not have cross-link with the material and they can distribute the environmental material and pollution on the surface of insulator [14] [15] .On the other hand, several phenomena can cause reducing of hydrophobicity properties i.e. temperature, pollutant, moisture and UV whereas the most important one is UV effect due to sunlight, corona, or dry-band arcing that can be effective on scission of the molecular bonds within insulator material and also damage of molecular structure [16] while by damaging of molecular structures, the electrical discharges among these weak structures can be appeared as second reason for aging and degradation of polymer insulators. Therefore, the ageing of insulator has a direct relationship with the hydrophobicity properties. It should be mentioned that the corona discharges can be happen at both metallic sides of insulator when the value of electric field intensity exceeds the dielectric strength of air around insulator while the corona current have a direct relationship with the fittings of materials, sharp edges of metal parts and voltage level and also the dielectric strength of air is dependent on the weather factors i.e. humidity, temperature, air pressure [2] . Figure. 1 shows a typical polymer insulator with operation voltage rate equal to 33kV that is simulated in this study. Moreover, the technical specifications of insulator are listed in Table. 2 as follows; Dry arcing distance(mm) 400
III. MODELING

Figure.1.A typical 33kV polymer insulator
Structure height(mm) 4110
Creepage distance(mm) 1025
Rod height(mm) 345
Diameter of sheds(mm) 160/130
No.of sheds 7
Weight(kg) 2
Figure.2.Voltage distribution along polymer insulator under 33kV
In this study, the voltage at the bottom of insulator is set at operation voltage (33kV) and also impulse voltage that will be discussed in the next parts. Moreover, the voltage level at top of insulator is set at zero whereas the air condition is set at vacuum condition. Figure. 2 illustrates the voltage distribution at different parts along insulator under operating voltage (33 kV).On the other hand, the behaviours of voltage and electric field along y-axis and x-axis are considered whereas longitudinal and cross sections are demonstrated in Figure. 3. 
Figure.4.Voltage profile along A-A' section under 33kV
Likewise, the voltage profile along B-B' section (see figure. 3) was demonstrated in figure. 5. Figure.5 shows that the shape of voltage profile in this section is bell shape and the voltage value at middle of core has higher value compare to sheds sides.
Figure.5.Voltage profile along B-B' section under 33kV
On the other hand, the electric profile along A-A' section under operating voltage was evaluated as shown in figure. 6 whereas the highest value of electric field is in the middle of insulator(along y-axis).
Figure.6.Electric field profile along A-A' section under 33kV
Likewise, the electric field profile along B-B' section was demonstrated in figure.7 whereas the peak values of electric field can be found at centre of core (x-axis).
Figure.7.Electric field profile along B-B' section under 33kV
On the other hand, the behaviour of insulator under impulse voltage was evaluated as shown in figures.8 and 9 whereas striking of lightning and also induced voltage due to coupling between lightning electromagnetic fields and power line can be assumed as a source of impulse in the real distribution lines [17] [18] [19] [20] [21] [22] [23] .In this study, the peak value of impulse voltage was set at 145kV based on IEC60071 and IEC 60060 [24] [25] . Figure.8 shows, the voltage profile along A-A' section where it has a non linear trend.
Figure.8.Voltage profile along A-A' section under 145kV Impulse voltage
Moreover, the voltage profile along B-B' section under 145kV impulse voltage was considered as illustrated in figure. 9. Figure.9 confirms bell shape distribution along B-B' section and also lower values of voltage at sheds sides compared to compared to core part.
Figure.9.Voltage profile along B-B' section under 145kV Impulse voltage
It should be mentioned, in this study Maxwell software was used for simulation of insulator based on finite element method whereas the material parameters were definite in the software.
V. CONCLUSION
In this paper, the polymer insulators were considered and different insulator parameters were reviewed. Moreover, a real 33kV was simulated and the voltage distribution along insulator was studied. Likewise, the voltage and electric field profiles at different sections along insulator under different voltage conditions was considered and the results were discussed accordingly.
